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1. Introduction
Definition of guardbands applicable for NR-U wideband operation have been discussed since the start of the work item [1] in multiple contributions [2-10]. During the RAN4#92 meeting held in Ljubljana a WF on the definition of guardbands for NR-U was agreed. The point captured herein are shown below.  
RAN4#92 WF on Guardbands for NR-U [R4-1910386]:
· Define two different types of guardbands for NR-U:
· Carrier guardbands (inter-carrier guardbands)
· In-carrier guardbands (intra-carrier guards)
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· Intra-carrier guards for a carrier configured by a serving cell are defined as an integer number of full PRBs. 
· These are defined on a common RB grid which reference point is configured by the gNB as specified in section 5.3.4 of 38.101-1.
· No intra-carrier guards are defined for 20 MHz carriers

· RAN4 is tasked to specify necessary sizes of the inter-carrier guardbands 	and number of PRBs needed for intra-carrier guards to meet spectral emission mask defined for NR-U.
· The intra-carrier guard band could be scheduled if it is located within the adjacent contiguous LBT successful sub-bands where all scheduled LBT sub-bands have passed. Introduction of flexible guard-bands at sub-block edge is left FFS. Meaning scheduling of either additional or a reduced number of sub-block edge guard PRBs.


In this contribution, we elaborate on how the intra-carrier guard PRBs are intended to be derived by a NR-U UE.
2. Discussion
Wideband operations utilize a Bandwidth Part (BWP) to define the wideband carrier. For NR Rel-15 the carrier BWPs can be configured only within the usable (full) physical resource blocks (PRB) of a carrier as illustrated in Figure 1.
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Figure 1 Configuration of BWP in NR Rel-15
As seen in Figure 1, the Common Resource Blocks (CRBs) are aligned to Point A which as defined in section 4.4.4.2 of 38.211 serves as a common reference point for Common Resource Block (RB) grid on which BWPs are configured. The first usable PRB is configured by the gNB with PRB granularity for the carrier. Therefore, PRB grid of every BWP configured on common RB grid of given SCS is also aligned to Point A. 
Usable PRBs in NR R15
When setting the intra-carrier guard-band PRBs a starting point should be minimum guard-bands as defined in Rel-15 NR. This being only the starting point as it is expected that more relaxed requirements will be introduced for NR-U dependent on ongoing discussions. 
In Rel-15 NR, a number of available full resource blocks PRBs for different transmission bandwidths are given in Table 5.3.2-1 from TS 38.104. Where configured PRBs of a carrier must ensure guard-band margin as given in Table 5.3.3-1 (TS 38.101-1). 
[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	25
	52
	79
	106
	133
	160
	216
	270
	N/A
	N/A
	N/A
	N/A

	30
	11
	24
	38
	51
	65
	78
	106
	133
	162
	217
	245
	273

	60
	N/A
	11
	18
	24
	31
	38
	51
	65
	79
	107
	121
	135



Table 5.3.3-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	552.5
	692.5
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	905
	1045
	825
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1610
	1570
	1530
	1450
	1410
	1370



Definition of intra-carrier GBs
We think the definition of intra-carrier GBs should be simple. gNB configures Point A and the first usable PRB of carrier, carrier width as in R15, such configured carrier must fulfill the minimum GBs specified by RAN4. RAN4 defines minimum intra-carrier GB size in Hz, similarly as in Table 5.3.3-1 for inter-carrier GBs. 
Following the R15 framework, a UE may determine the position and size of intra-carrier GBs (ICGB) of full PRBs as shown in Figure 2 (example of 80MHz carrier).


Figure 2 shows:
· Point A 					configured by gNB
· First usable PRB 		First usable PRB of a channel band based on inter-carrier GB
· 				the start PRB of GB #0, i.e CRB #51
· 				the last PRB of GB#0, i.e. CRB#57 

Note: Intra-carrier GBs are determined based on R15 20MHz minimum guard-band from Table 5.3.3-1 in this example.
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Figure 2 Illustration of parameters, SCS = 30 kHz.

Based on the above principle and the example in Figure 2 would result in the PRB allocation indicated in Table 1.
Table 1: PRB allocation for 80MHz wideband carrier
	CRB Nr
	Allocation part
	# of PRBs

	2 – 51
	LBT sub-band #0 
	50

	52 – 56
	ICGB #0
	5

	57 – 106
	LBT sub-band #1 50PRBs
	50

	107 – 112
	ICGB #1
	6

	113 – 161
	LBT sub-band #2 50PRBs
	50

	162 – 167
	ICGB #2
	5

	168 – 217
	LBT sub-band #3 50PRBs
	50



In order to determine  and  of intra-carrier GB #n of a carrier comprising   sub-bands, an equation could be formulated as the following 




where 
	Parameter
	Value

	n
	intra-carrier GB (ICGB) index  [n=0,1,…,]

	FUP
	First-usable-PRB CRB index

	 [kHz]
	BW between first usable PRB of a lowest sub-band of a carrier and edge of channel band, needs to meet Minimum inter-carrier GB requirement

	BWsb [kHz]
	BW of a sub-band, i.e. 20 000 kHz for 5GHz spectrum

	GBmin(SCS)
[kHz]
	Minimum intra-carrier GB requirement (w.r.t. 20 MHz channel raster) for given sub-band size defined separately for each subcarrier spacing (SCS) value. GBmin(SCS) can be a two-dimensional table, where one dimension is sub-band size (i.e. 20 MHz and another dimension is SCS (e.g. 15 kHz, 30 kHz, 60 kHz).
Example, 30 kHz SCS: GBmin(20 MHz, 30 kHz)=805 kHz

	PRBsize
[kHz]
	12*SCS: 180 kHz for 15 kHz SCS and 360 kHz for 30 kHz SCS



Proposal 1: 		Determine the intra-carrier guardbands for NR-U based on the equations presented in this contribution.

Scheduling of intra-carrier guard PRBs
Based on WF [12], the intra-band GBs need to be further split to two types, as shown in Figure 2
· Type-1 intra-carrier GBs: an intra-carrier guard-bands between two transmitted sub-bands are schedulable
· Type-2 intra-carrier GBs: an intra-carrier guard-bands at sub-block edge, are FFS
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Figure 2 Types of Guardbands from RAN1 point of view
With respect to FFS on scheduling Type-2 intra-carrier GBs, it is clear that gNB will need to meet harmonized spectral mask and ACLR requirements for the failed sub-band. Therefore, we think that scheduling in Type-2 intra-carrier GBs is not feasible from gNB point of view. 
Proposal 2: 		Scheduling in Type-2 intra-carrier GBs is not feasible
The fact the Type-2 intra-carrier GBs cannot be scheduled has impact on the scheduling, because partial PRGs (precoding granularity) and RBGs (scheduling granularity of TYPE-0 frequency domain RA) start to occur in DL carrier due to failed sub-band in the middle and TYPE-2 intra-carrier GBs.  Therefore, we think that RAN1 should be informed about the previous agreement [12] and Proposal 2 if agreed.
Proposal 3: 	Inform RAN1 about RAN4 decisions made on wideband carrier and intra-carrier GBs 
3. Conclusion
In this contribution, we discussed how the intra-carrier guard PRBs are intended to be derived by a NR-U UE.
Proposal 1: 	Determine the intra-carrier guardbands for NR-U based on the equations presented in this contribution.
Proposal 2: 		Scheduling in Type-2 intra-carrier GBs is not feasible
Proposal 3: 	Inform RAN1 about RAN4 decisions made on wideband carrier and intra-carrier GBs 
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